Introduction
An increasing number of experimental and theoretical studies have been looking into airborne nanoparticles (NP) in relation with many aspects of risk assessment: aerosolexposure measurement, toxicology and filtration. As a consequence, generating airborne NP with controlled properties constitutes an important challenge. In parallel, toxicological studies have been carried out, and most of them support the concept that surface-area could be a relevant metric for characterizing exposure to airborne NP (Maynard & Aitken, 2007) . To provide NP surface-area concentration measurements, some direct-reading instruments have been designed, based on attachment rate of unipolar ions to NP by diffusion. However, very few information is available concerning the performances of these instruments and the parameters that could affect their responses. In this context, our work aims at characterizing some of these instruments providing airborne NP surface-area concentration. The selected instruments (a-NSAM, TSI model 3550; bAeroTrak™ 9000, TSI; c-LQ1-DC, Matter Engineering) are thought to be relevant for further workplace exposure monitoring. To achieve this work, an experimental facility (CAIMAN) was designed, built and characterized.
Materials and methods

Description of the experimental set-up
A versatile experimental facility, called CAIMAN (for 'ChAracterization of Instruments Measuring Aerosols of Nanoparticles') was designed and built to generate stable and reproducible airborne NP. Within CAIMAN, airborne NP are produced by means of a sparkdischarge generator (GFG-1000, PALAS). The production of airborne NP by spark discharge evaporation has been studied extensively by several authors in different situations (Helsper et al., 1993; Roth et al., 1998 Roth et al., , 2004 Brown et al., 2000; Evans et al., 2003a Evans et al., , 2003b Horwath and Gangl, 2003; Borra, 2006; Beyeon et al., 2008; Tabrazi et al., 2008) . This NP generation system allows a variation of both the particle concentration (via the argon and air flow rates, spark-discharge frequency) and their chemical nature by changing the material of the electrodes. In our work, four different materials were used: graphite (pure), copper (99.45 % pure), aluminum (93.11 % pure) and silver (99.9 % pure).
To cover a wide range of charge level and morphology, a bipolar ion generator (EAN 581, TOPAS) and a high-temperature furnace (VECSTAR VTF 7) are included in CAIMAN. Finally, an ageing 2-liter volume is located at the end of the facility from which airborne NP can be sampled. The particle-free air introduced into the set-up comes from a purification unit (TSI model 3074B), and the excess aerosol is filtered by means of HEPA filters. 
Characterization of the generated airborne NP
The particle size number distribution was measured by a SMPS system (GRIMM SMPS+C) operating at a flow rate of 0.3 L/min. Figure 2 presents the number median mobility diameters (NMMD) for the different types of electrodes as a function of the spark-discharge frequency obtained in our facility. It can be observed a significant evolution of the NMMD as a function of the spark frequency and pressure conditions imposed. An increase of the discharge frequency leads to an increase of the NMMD due to coagulation. This can be partially reduced by adding dilution air, as illustrated in figure 2 . In all the operating conditions, a wide range of NMMD extending from 7 nm to over 150 nm can be obtained. Furthermore, as observed in previous studies, our data demonstrate that the material of the electrodes influence the particle size number distribution. This variation in NMMD can be linked to the physicochemical properties (in particular thermal and electrical conductivities). Table 1 gathers some of the main properties of the airborne NP generated within the CAIMAN facility. 
Experimental measurement of instruments response functions
The response function, notated R, corresponds to the averaged signal given by the instrument resulting of the measurement of a mean particle. It can be formalized by:
where S is the NP surface-area concentration. Experimentally, a parallel measurement of particle number (N) and surface-area (S) concentrations is performed on a monodisperse aerosol of selected mobility size d m (by using a DMA) over a stable period of 15 minutes, as shown in figure 3 . 
Experimental results and discussion
Experimental measurements were performed in monodisperse mode to determine the response functions of the selected instruments as a function of the mobility diameter, as presented in figure 3 . The results were then compared with the existing theoretical responses: lung-deposited surface-areas in alveolar or tracheobronchiolar region for instruments (a) and (c), and active surface-area for instrument (b). The lung-deposited surface-areas were calculated using deposition probabilities for a reference worker as defined by the model of ICRP (1994), while active surface-area was obtained with the simplified expression proposed by Jung & Kittelson (2005) with λ ion = 16.3 nm. Multiple charging as well as aggregate correction were taken into account in the raw data analysis. To perform multiple charging corrections, the DMA transfer function measured by Heim et al. (2005) was used to determine the fraction of particles carrying 2 elementary charges and contributing to the measured signals (the particles carrying 3 elementary charges were neglected). These contributions were then subtracted from the number and surface-area concentrations. Concerning aggregates, primary particle sizes presented in table 1 were used in the calculations of NP concentrations based on the study of Lall & Friedlander (2006) . Figure 4 presents the response functions of the three selected instruments for carbon airborne NP and both configurations (alveolar or tracheobronchiolar) for instruments (a) and (c). Figure 4 shows a good agreement between theoretical curves and corrected experimental responses measured with carbon nanoaerosols for particle sizes in the range 20 -520 nm. Indeed, the biases between experimental data and theory are satisfying, in the range -45 % to +30 %. Similar results were obtained with the other types of electrodes: in the size range 20 -100 nm for Ag and Cu, and size range 20 -150 nm for Al. These new experimental data complete the recent experimental works from Shin et al., 2007) and Asbach et al. (2008) on the NSAM and from Ku and Maynard (2005) on the LQ1-DC. At our knowledge, no experimental have been published so far on the AeroTrak™ 9000 (c). 
